INTRODUCTION
East Asia is the world's largest tobacco epidemic region, responsible for nearly half of total global cigarette consumption. 1 Although all East Asian countries ratified the WHO Framework Convention on Tobacco Control (FCTC) in 2004 or 2005, a recent assessment study 2 revealed that the majority of countries in East Asia lagged behind in implementing the FCTC recommended tobacco control programmes according to WHO's MPOWER (Monitoring, Protect, Offer, Warn, Enforcement and Raise) criteria. 3 As of 2010, 37−53% of adult men in East Asia were current smokers and more than 46% of men were exposed to passive smoking at workplaces. 2 To enhance the incentives to implement the promises of the ratified FCTC to reduce the tobacco epidemic in East Asia, updating of evidence on the economic costs due to active and passive smoking-caused illness, disability and premature mortality in this region is imperative.
Taiwan is regarded as a model in East Asia in tobacco control. 2 During the 1960s and 1970s, smoking prevalence among Taiwanese aged 35 and above exceeded 75% for men and 8-12% for women. 4 In 1987, Taiwan's cigarette market was forced to open to foreign brands, leading to a 6% jump in adult male smoking and a 13% jump in youth smoking within 3 years. 4 As a consequence, the government launched a series of tobacco control initiatives such as school-based antismoking programmes and the 1997 Tobacco Hazards Prevention Act through which indoor workplaces and public
Strengths and limitations of this study
▪ Little is known about the economic costs of secondhand smoke (SHS) exposure in East Asian countries. This is the first study to assess the health effects of smoking by taking into account the economic impact of SHS exposure in Taiwan. ▪ This study provides evidence on the economic effect of the recent reduction in smoking prevalence and SHS exposure on healthcare costs and productivity losses to Taiwanese society as a result of implementing a comprehensive tobacco control programme in 2009. ▪ Only adults aged 35 and older were included in the study. ▪ The relative risks of healthcare cost for smokers are assumed to be the same as the relative risks of death for smokers because of data limitation.
places became partially smoke free. 5 In 2002, the government levied a tobacco tax amounting to five New Taiwan Dollars (NT$) per pack and started the Outpatient Smoking Cessation Services. 5 During the period of 1990-2005, smoking prevalence among men aged 18 and older had declined from 59.4% to 40%. 5 Taiwan's legislature ratified the WHO FCTC in 2005. Based on the FCTC recommendations, 6 an amendment to the Tobacco Hazards Prevention Act went into effect in 2009 (hereafter called the 2009 Act) to strengthen existing tobacco control measures by adding graphic warning labels on cigarette packets, extending smoke-free areas to almost all enclosed workplaces and public places, completely banning tobacco advertisements, promotion and sponsorship, as well as increasing tobacco taxes.
As a result of the 2009 Act, smoking prevalence among men aged 18 and older in Taiwan further decreased from 40% to 33.5% and exposure to passive smoking in workplaces decreased substantially from 33.2% to 18.2% between 2005 and 2011. 5 7 Given this sizeable reduction in active and passive smoking, it is policy relevant to assess the current level of the costs of active and passive smoking-attributable illness, disability and premature mortality, and to determine whether or not these costs have decreased.
Two previous studies estimated the cost of smoking in Taiwan. Using a prevalence-based approach, Yang et al 8 estimated that in 2001, smoking contributed to US$398 million in excess medical expenditures and US$1390 million in productivity loss from premature death among people aged 35 and older in Taiwan. Using an incidence-based approach, Chung et al 9 estimated that the present value of lifetime smoking-attributable medical costs among people aged 35 and older ranged from US$291 to US$336 million depending on discount rate for the year 2001 in Taiwan. There has been no study to update these cost estimates in Taiwan since 2001. Furthermore, none of the studies on the cost of smoking in Taiwan and few of those in the literature have included any health costs attributed to passive smoking, also known as secondhand smoke (SHS).
The main objective of this study is to assess the costs of the health effects of cigarette smoking and SHS exposure in Taiwan in 2010. This is the first attempt to quantify the economic costs of SHS exposure in Taiwan. This study will also provide an evaluation on the hypothesis that implementation of the 2009 Act was associated with decreases in economic costs of smoking and SHS exposure. Because of the similarities in the tobacco epidemic and culture among East Asian countries, the findings of this study can serve as a valuable reference for understanding the economic benefits of tobacco control programmes in the region.
METHODS
We considered three components of costs: direct costs of healthcare expenditures spent for treating tobacco-related diseases; indirect mortality costs measured by the value of lost productivity due to premature death and indirect morbidity costs measured by the value of time lost from work due to tobacco-related illness. A prevalence-based, disease-specific cost-of-illness approach 10 was used to estimate the healthcare expenditures, workloss days and deaths due to smoking-related diseases in 2010. We used an epidemiological population-attributable risk method 11 to determine the smoking-attributable fraction (SAF), which measures the proportion of expenditures, workloss days or deaths that can be attributed to smoking, and applied it to the total measure. A SHS-attributable fraction (SAF SHS ) was estimated in a similar manner. Our analyses focused on adults aged 35 years and older.
Data sources
Population-based data from the annual Adult Smoking Behavior Survey (ASBS) were used to determine the prevalence of smoking and SHS exposure. The ASBS is a telephone interview survey collecting information on individuals' demographic characteristics, cigarette smoking and quitting behaviours, and SHS exposure from a nationally representative sample (around 16 000/ year) of a non-institutionalised population aged 18 and older in Taiwan. Disease-specific inpatient and outpatient expenditures, and number of hospital inpatient days were obtained from the 2010 National Health Insurance (NHI) claims database. Taiwan's NHI, launched in 1995, is a mandatory single-payer social health insurance system administered by the government that provides universal healthcare coverage to virtually all citizens in Taiwan.
Population data came from the 2010 Population Census, 12 number of deaths for each disease from the 2010 Statistics of Causes of Death 13 and life expectancy by age and gender from the 2010 life tables.
14 The agespecific and gender-specific employment rates and monthly earnings were obtained from the 2010 Report on the Manpower Utilization Survey. 15 Smoking-related and SHS-associated diseases We included 19 smoking-related diseases which were identified to have a significant association between cigarette smoking and mortality risk by two large epidemiological studies conducted in Taiwan. 16 17 We considered six SHS-associated diseases: lung cancer, ischaemic heart disease, cerebrovascular disease, chronic obstructive pulmonary disease, asthma and breast cancer; and four SHS-associated causes of death: lung cancer, ischaemic heart disease, cerebrovascular disease and asthma as reported by the California Environmental Protection Agency (EPA) 18 and WHO. 19 20 Details of these diseases and their diagnosis codes are listed in table 1.
SAF and SAF

SHS
We calculated the SAF for each component of costs by disease, gender and age group (35-49, 50-64 and ≥65 years). Based on two fundamental data elements, smoking prevalence and relative risk (RR) of diseasespecific death for smoking, the SAF for death measures can be calculated using the following epidemiological formula: 10 11 
where P N , P C and P F denote the prevalence of neversmokers, current smokers and former smokers, respectively; RR C (or RR F ) denotes the RR of disease-specific death for current (or former) smokers in comparison to never-smokers; the subscript i denotes disease, j denotes gender and k denotes age group. Note that (RR C −1) denotes the excess risk of disease-specific death for current smokers over never-smokers, and similarly, (RR F −1) denotes the excess risk of disease-specific death for former smokers over never-smokers. The first term of equation (1) is the SAF for current smokers, and the second term is the SAF for former smokers.
Prevalence rates of current smokers, former smokers and never-smokers among adults aged 35 and older were obtained from the ASBS data. The RR of death for smokers is defined as the ratio of the death rate for smokers to that for never-smokers. Given the huge body of scientific evidence that smokers have a greater risk of mortality compared with never-smokers, the RR should be greater than 1 and the excess risk should be greater than 0. The disease-specific RRs for current smokers (RR C ) specific among Taiwanese adults were taken from the two aforementioned epidemiological studies in Taiwan 16 17 ; however, the disease-specific RRs for former smokers (RR F ) were not available in published sources. Instead of adopting the assumption that the RR F equals 1 and forcing the SAF for former smokers to become 0, as other studies have done, 8 9 we derived a proxy measure for the RR F based on the assumption that the ratio between the excess risk for former smokers and the excess risk for current smokers is the same for any disease-specific death and all-cause death. Fortunately, in the same data sources which provided the diseasespecific RR C , the all-cause RR C (RRA C ) and the all-cause RR F (RRA F ) were also provided. 16 17 Based on these RR data and our assumption, we estimated the diseasespecific RR F via the following calculation:
To estimate the SAF for healthcare costs, we assumed the RRs of disease-specific healthcare cost for current and former smokers were the same as those of diseasespecific death for current and former smokers because of data limitation.
Similarly, based on two fundamental data elements, prevalence of SHS exposure and RR of disease-specific death or illness for SHS exposure, we calculated the SAF SHS among non-smokers for each component of costs by disease, gender and age group as:
where P SHS denotes the prevalence of SHS exposure among non-smokers, and RR SHS is the RR of diseasespecific death or illness for exposed non-smokers compared with unexposed non-smokers.
Prevalence rates of SHS exposure among non-smokers aged 35 and older were obtained from the ASBS data. Non-smokers included never-smokers and former smokers. SHS exposed non-smokers were those who either answered 'yes' to the question: "During the past week has anyone smoked in front of you at home?" or those who were employed and worked in indoor settings and answered 'yes' to the question: "During the past week has anyone smoked in front of you at your workplace?" The RR SHS of disease-specific death and the RR SHS of disease-specific illness were obtained from published sources as reported by the California EPA 18 and WHO. 19 20 The RRs for each disease and each cause of death for current smokers, former smokers and SHS exposure are shown in table 1.
Direct costs
Expenditures paid by the NHI for inpatient hospitalisations and outpatient visits were included as direct costs. Expenditures for prescribed medications during the hospitalisations or outpatient visits were included in the respective inpatient or outpatient expenditure categories. Outpatient visits comprised ambulatory care visits at outpatient or emergency departments of hospitals, and those at western medicine clinics. The smokingattributable inpatient or outpatient expenditure for each subgroup stratified by disease, gender and age was calculated by multiplying the SAF by the total annual inpatient or outpatient expenditures for that subgroup.
The SHS-attributable inpatient or outpatient expenditure for each disease was derived by multiplying the SAF SHS by the total annual inpatient or outpatient expenditures for that disease among non-smokers. Because the NHI claims database does not contain individuals' smoking statuses, it does not allow for distinguishing health expenditures for smokers from those for non-smokers. We determined the amount of total inpatient (similarly, outpatient) expenditures for nonsmokers (INP NON ) using the following method as used by two recent studies. 19 21
where INP is total annual inpatient expenditures among all individuals regardless of smoking status, P C is the prevalence of current smokers and SAF C is the SAF for current smokers as expressed by the first term of equation (1).
Indirect mortality costs
For each subgroup stratified by gender and 5-year age group, we estimated the number of smoking-attributable deaths (SAD) for each disease by multiplying the SAF by the total number of deaths for that disease. The number of smoking-attributable years of potential life lost (YPLLs) was estimated by the product of the SAD and life expectancy remaining at the age of death. Smoking-attributable mortality cost was estimated by the product of the SAD and the present value of lifetime earnings (PVLEs) expected at the age of death. The PVLEs were calculated by gender and 5-year age groups based on a human capital approach developed by Max et al. 22 A discount rate of 3% was used to convert the earnings into their current worth. A growth rate of 4%, which was approximately the average annual growth rate of gross domestic product (GDP) in Taiwan during 2005−2009, was used to take into account the potential growth of future earnings.
We estimated the number of SHS-attributable deaths, YPLLs and mortality costs following the same approach as described for active smoking-attributable indirect mortality measures except that the estimation only focused on non-smokers. Total number of deaths among nonsmokers was determined using a similar method as described for equation (3) .
Indirect morbidity costs
We defined smoking-attributable indirect morbidity cost as the value of time lost from work due to active or passive smoking-caused illness. The lost time from work is commonly measured by the number of workloss days 23 ; however, because the data on workloss days by disease were not available, we used inpatient days as a proxy. The smoking-attributable indirect morbidity cost for each subgroup stratified by disease, gender and age was calculated by the product of the SAF, total annual inpatient days for that group, the proportion of the population currently employed and daily earnings among employed persons.
Likewise, the SHS-attributable indirect morbidity cost was estimated by multiplying the SAF SHS by total annual inpatient days among non-smokers, employment rate and daily earnings. Total number of inpatient days among non-smokers was determined using a similar method as described for equation (3) .
Sensitivity analysis
To evaluate whether or not implementation of the 2009 Act in Taiwan was associated with decreases in active and passive smoking-attributable costs, we simulated what the cost estimates would be in 2010 by assuming two scenarios: smoking prevalence and SHS exposure rates remained at the same levels as in 2008, and smoking prevalence and SHS exposure rates were at the mean value of the 2008 and 2010 levels. We also performed sensitivity analyses to see how sensitive our cost estimates were to different assumptions about the RR values and productivity growth rates.
RESULTS
In 2010, the total population of Taiwan was 23.2 million. Among the 12.4 million adults aged 35 and older, 2.3 million were current smokers. The smoking prevalence and SHS exposure rates by gender and age in 2008 and 2010 are shown in table 2. In 2010, smoking prevalence rates among men were about 10 times as high as those among women: 33.9% vs 3.8% for current smoking, and 15.7% vs 1.5% for former smoking. The SHS exposure rates among non-smokers were similar between men and women. From 2008 to 2010, the current smoking prevalence among men decreased by nearly 10% and SHS exposure among both genders decreased by 13%. Table 3 shows the deaths and YPLLs attributed to smoking and SHS exposure by cause of death and gender. The three leading causes of SAD among men were lung cancer, ischaemic heart disease and chronic airway obstruction, and among women were cancers of liver/gallbladder/bile ducts, lung cancer and ischaemic heart disease. The leading cause of SHS-associated deaths was stroke for both genders. There was a substantial gender difference in the number of active SAD-13 744 for men and 615 for women. SHS exposure almost equally affected both genders by contributing to 613 deaths among men and 583 deaths among women. Smoking and SHS exposure contributed to a total of 15 555 deaths, which comprised about 20% of the total 19-cause deaths (77 953) among persons aged 35+ and 11% of the total all-cause deaths (144 709) among persons aged 0+. They were responsible for 284 765 YPLLs, averaging 18.3 years/death. Table 4 shows the total direct and indirect costs attributed to smoking and SHS exposure by gender, age and disease. The total economic costs of smoking and SHS exposure in 2010 amounted to US$1670 million, including US$828 million (50%) in direct costs, US$820 million (49%) in indirect mortality costs and US$22 million (1%) in indirect morbidity costs. The share of the total costs was greater from active smoking (92%) than SHS exposure (8%), and greater for men (92%) than women (8%). The total economic costs averaged US$72/Taiwanese aged 0+ and US$718/adult smoker aged 35+. Based on Taiwan's total cigarette consumption of 1894 million packs in 2010, the total economic costs averaged US$0.88/pack, about 43% the 2010 average retail price of cigarettes (NT$65 or US$2.05).
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Of the US$828 million in direct healthcare costs, US $104 million was spent for treating ischaemic heart disease, US$94 million for stroke and US$53 million for lung cancer. Outpatient expenditures amounted to US $520 million (63%) while inpatient expenditures were Exchange rate of the NT$ against US$1=31.642 in 2010. *'Other' includes all the other smoking or SHS-related diseases. HD, heart disease; SHS, secondhand smoke.
US$308 million (37%). Among the US$22 million in indirect morbidity costs, US$18.7 million was due to active smoking and US$3.4 million was due to SHS exposure. The US$820 million in mortality costs averaged US$52 688/death among the 15 555 premature deaths caused by smoking or SHS exposure. Table 5 shows that if the prevalence rates of smoking and SHS exposure in 2010 had remained at the same levels as in 2008, the toll of active and passive smoking-attributable losses would have been greater by an additional 1540 deaths and US$107 million in total economic cost. If the prevalence rates of smoking and SHS exposure were at the mean values of the 2009 and 2010 levels, there would have additional 883 deaths and US$59 million loss in total economic cost. If we assumed that the annual growth rate of productivity was 6% instead of 4%, total economic costs would be US$177 million higher. If we used the RR values for those smoking-related diseases reported by the widely cited American study, 24 25 our estimates of active and passive smoking-attributable premature deaths and total economic costs would increase by 6958 deaths and US $505 million.
Sensitivity analysis
DISCUSSION
The direct costs of smoking and SHS exposure in Taiwan amounted to US$828 million and accounted for 3.4% of Taiwan's personal healthcare expenditures in 2010. Smoking and SHS exposure also led to 15 555 premature deaths, 284 765 YPLLs, US$820 million in indirect costs of productivity losses due to premature deaths and US$22 million in indirect costs of time lost from work due to tobacco-related illness. These costs totalled US$1670 million, representing 0.4% of Taiwan's GDP and averaging about US$720/adult smoker.
The proportion of the total costs of smoking and SHS exposure to GDP in Taiwan is smaller than those estimated for other East Asian countries, such as 0.7% for China 23 and 0.6-0.8% for South Korea. 26 One possible explanation is because of relatively lower smoking rates in Taiwan. Another explanation may be the underestimation of our direct cost estimates which were based on the NHI claims database. The NHI database only includes health expenditures paid by the NHI, but not copayments or out-of-pocket payments that were spent on non-NHI covered health services such as orthodontics, long-term care and nursing home care. In 2010, the NHI expenditures only comprised 57% of Taiwan's personal health expenditures. 27 Furthermore, due to limited data accessibility, we only included the NHI spending on inpatient care and Western medicine outpatient care. Other NHI covered health services such as Chinese medicine outpatient care accounted for 16% of the NHI expenditures in 2010. 27 If copayments, out-of-pocket and other NHI covered health expenditures are counted, our direct cost estimate could be considerably larger than US$828 million.
Our estimated total costs of smoking and SHS exposure are very likely to be underestimated for several other reasons. First, we only included 19 diseases in the analyses of smoking-attributable costs. Smoking also causes many other diseases such as aortic aneurysm, atherosclerosis, pneumonia, influenza, hip fractures, rheumatoid arthritis, periodontitis, nuclear cataract and tuberculosis. 25 Because the RRs of these diseases for Taiwanese smokers were not available in public sources, we did not include them in our analyses. Without considering these diseases, our assessments almost certainly underestimate the true costs of smoking. Second, we did not include children and young adults under age 35 in the analyses of SHS-attributable costs. SHS exposure has been causally linked to adverse health effects on infants and children, including low birth weight, sudden infant death syndrome, middle ear disease, chronic respiratory symptoms, asthma and attention deficit hyperactivity disorder. 25 28 Third, we measured SHS exposure based on self-reported exposure in the home and workplace during the last week, but did not consider exposure that may have occurred in other public places or at an earlier time. It has been shown that self-reported SHS exposure greatly underestimates actual exposure assessed by the biomarker such as cotinine level. 29 Therefore, our estimated SHS-attributable costs are most likely to be underestimated. Fourth, in estimating indirect morbidity costs, we did not count the opportunity costs of relatives or informal caregivers who took care of patients with smoking-related diseases, productivity losses due to smoking-caused disability other than inpatient days and transportation expenses incurred during inpatient and outpatient visits for the treatment of smoking-related diseases. 13 27 This study indicates that Taiwan's NHI spent US$828 million-6% of their budget-in 2010 to cover the excess healthcare expenditures caused by smoking and SHS exposure. These costs were borne by all Taiwan residents including never-smokers who paid for insurance premiums. Increasing cigarette taxes will help to offset the external costs of smoking imposed by smokers on others.
Tobacco control programmes are costly. In 2009, the government of Taiwan spent US$15.7 million (or NT$520 million based on the 2009 exchange rate of NT$33.049 against US$1) on tobacco control programmes. 30 However, the benefits of tobacco control programmes are substantially larger. Several recent studies have shown that the 2009 Act in Taiwan was associated with a reduction in adolescent smoking 31 and SHS exposure, 7 and an increase in adult cessation rates. 32 Assuming a half of the reduction in adult smoking prevalence and SHS exposure during 2008−2010 was driven by the 2009 Act, our sensitivity analysis results show that there was a saving in avoided smoking and SHS attributable financial losses by US$59 million a year in 2010 alone.
This study makes several contributions. First, our results indicated that the SHS-attributable medical costs, indirect morbidity costs and indirect mortality costs among adults aged ≥35 were not negligible-equalling 12%, 18% and 5% of the levels of the active smoking-attributable direct medical costs, indirect morbidity costs and indirect mortality costs, respectively. Thus, not including the impact of SHS exposure would underestimate the true burden of smoking. Second, we developed an interpolation approach to measure the disease-specific RR F in Taiwan to count smoking-attributable costs for former smokers. Smokers often quit smoking because they had developed smoking-related illness. Although the risks of heart attack and stroke fall quickly within the first 5 years after quitting, 33 the risks of other tobacco-related diseases take a longer time to reverse after quitting. Therefore, assuming the RR F equal to 1 would certainly underestimate the costs of smoking when the prevalence of former smokers, especially recent quitters, is high.
This study is subject to some limitations. We used the RR of death as a proxy for the RR of healthcare utilisation and expenditures to estimate the direct cost of smoking because of data limitation. Also, our measure for disease-specific RR F was based on the assumption that the ratio between the excess risk for former smokers and the excess risk for current smokers is the same for any disease-specific death and all-cause death. To test the validity of this, we applied this approach to the widely cited American RR data which consist of disease-specific and all-cause RRs for current and former smokers and are available in the internet-based SAMMEC software. 24 We found that our derived RR F follow a consistent pattern with the actual RR F across diseases. Nevertheless, epidemiological research is needed to more accurately quantify the disease-specific RR F in Taiwan. Finally, we obtained the RRs from previous epidemiological studies which followed up the vital status of two cohorts, established prior to 1992, until 2000. 16 17 Owing to the changes in smoking behaviour over time, the cohort of smokers today is likely different from the cohort 20 years ago; therefore, these RR data may not reflect the true RRs of smokers in 2010. Indeed, the 2014 US Surgeon General's Report has shown that today's cigarette smokers-men and women-have a much higher risk for lung cancer and chronic obstructive pulmonary disease than smokers in the past.
Despite the limitations that certainly lead to underestimation of our estimated total economic costs of smoking and SHS exposure, we found that smoking still imposes a huge financial burden on Taiwanese society even though smoking prevalence and SHS exposure in Taiwan have declined in recent years. Thus, sustained tobacco control efforts to encourage people to quit smoking, prevent smoking uptake by children and young adults and protect all people from SHS exposure are needed. 
